General Methods. Techniques for restriction enzyme digestions, ligation, transformation, and other standard molecular biology manipulations were based on methods described elsewhere (1) . DNA sequencing was performed by the DNA Core Facility in the Institute for Cellular and Molecular Biology at the University of Texas at Austin. Mass spectral analyses were carried out using the indicated instrumentation, which is housed in the Analytical Instrumentation Facility Core in the College of Pharmacy at the University of Texas at Austin. E. coli cells were grown at either 30°C (for protein production) or 37 °C (for plasmid preparation) in Luria-Bertani (LB) medium, supplemented with ampicillin (Ap, 100 µg/mL), as indicated. Protein purification using HPLC was carried out on a Waters (Milford, MA) 501/510 system or a Beckman System Gold HPLC (Fullerton, CA) connected to the TSKgel DEAE-5PW (anion exchange), the TSKgel Phenyl-5PW (hydrophobic interaction), or a Superose 12 gel filtration column (Amersham Biosciences, Piscataway, NJ).
Production and Purification of Cg10062. Wild-type Cg10062 was produced constitutively in E. coli BL21-Gold(DE3) using a pET3b vector. The protein was purified by a previously published protocol using HPLC (2), modified as indicated below, and by a variation of this protocol using disposable columns, as described below. In the HPLC protocol, cells from 2-1 L cultures were suspended in ~15 mL of 10 mM Na 2 HPO 4 buffer, pH 8.0, (Buffer A), along with DNase (10 µL of a 10 Units/µL solution) and RNase (10 µL of a 500 µg/mL solution) and subjected to sonication (2) . Subsequently, the mixture was centrifuged (45 min at 20,000 × g), and the supernatant was filtered through a 0.2 µm-pore diameter filter and loaded onto the TSKgel DEAE-5PW column, which had previously been equilibrated with Buffer A. The column was washed using Buffer A over a 10-min period at 5 mL/min. Cg10062 was eluted over a 60-min period using a linear Na 2 SO 4 gradient (0-0.5M). The protein was identified by SDS-PAGE (3) and the colorimetric assay using 3 (4) . Typically, Cg10062 elutes from 40-51 min after being loaded onto the column. Fractions were pooled, concentrated to ~20 mL, and solid (NH 4 ) 2 SO 4 was added to the concentrate to make the final concentration 1.6 M. After stirring for 1 hr, the precipitate was removed by centrifugation (15 min at 20,000 × g), and the supernatant was filtered and loaded onto the TSKgel Phenyl-5PW column, which had previously been equilibrated with Buffer B [1.6 M (NH 4 ) 2 SO 4 in Buffer A]. The column was washed using Buffer B over a 10-min period at 5 mL/min, and the retained proteins were eluted with a decreasing linear gradient [1.6 to 0 M (NH 4 ) 2 SO 4 in Buffer A] over a 60-min period. Typically, Cg10062 elutes from 39-46 min after being loaded onto the column. The fractions were analyzed as described above, and the appropriate fractions were pooled and concentrated to ~2 mL. The concentrate was further purified by size exclusion chromatography (Sephadex G-75, 100 × 2.5 cm) and the fractions analyzed as described above. The purified protein was concentrated to ~20 mg/mL, filtered through a 0.2 µm-pore diameter filter, and stored at 4 °C.
In order to obtain purified Cg10062 that was free of potential contamination by any residual proteins from the HPLC columns, an alternative purification protocol was developed that used disposable hand-packed columns. Typically, in this protocol, cells from 1 L of culture were suspended in ~8 mL of 10 mM Na 2 HPO 4 buffer, pH 8.0, (Buffer A), sonicated and centrifuged as described above. Subsequently, the supernatant was loaded onto a DEAE-Sepharose column (10 × 1.0 cm filled with 8 mL of resin) that had been previously equilibrated with Buffer A. The column was first washed with Buffer A (25 mL) and then the protein was eluted by gravity flow using a linear Na 2 SO 4 gradient 4 (0-0.5 M Na 2 SO 4 in Buffer A, 100 mL). The flow rate was estimated to be ~1 mL/min. Fractions (~1.5 mL) were collected and Cg10062 was identified by SDS-PAGE (3) and the colorimetric assay using 3 (4). Typically, Cg10062 elutes from 22-31 min after being loaded onto the column. The appropriate fractions were pooled, concentrated to ~1 mL, and made 1.6 M in (NH 4 ) 2 SO 4 by the slow addition of a 1 mL aliquot of 10 mM Na 2 HPO 4 buffer, pH 8.0, containing 3.2 M (NH 4 ) 2 SO 4 . After stirring for 1 hr, the precipitate was removed by centrifugation (15 min at 20,000 × g), and the supernatant was filtered and loaded onto a Phenyl-Sepharose column (10 × 1.0 cm filled with 8 mL of resin) that had been previously equilibrated with Buffer A containing 1.6 M (NH 4 ) 2 SO 4 . The column was first washed with the loading buffer (25 mL) and then the protein was eluted by gravity flow using a decreasing linear (NH 4 ) 2 SO 4 gradient [1.6-0 M (NH 4 ) 2 SO 4 in Buffer A, 100 mL]. The flow rate was estimated to be ~1 mL/min. Fractions (~1.5 mL) were collected and analyzed as described above. Typically, Cg10062 elutes from 36-42 min after being loaded onto the column. The purified protein was concentrated to ~20 mg/mL, filtered through a 0.2 µm-pore diameter filter, and stored at 4 °C. A typical yield is ~100 mg of protein purified to homogeneity per liter of culture.
Construction of the Cg10062
Mutants. The four mutants of Cg10062 (P1A, R70A, R73A, and E114Q) were generated using the coding sequence for Cg10062 in plasmid pET(cg10062) as the template. The P1A mutant was made by the overlap extension polymerase chain reaction using the primer 5'-ATACATATGGCTACTTATACTTGT-3' where the NdeI site is shown in bold and the mutated codon is underlined (5). This primer corresponds to the 5'-end of the wild-type coding sequence and was used in combination with primer R1 (5'-CATGGATCCCTATTCTGACGATCC-3'), which contains a BamHI restriction site (in bold) followed by 15 bases corresponding to the 5 complementary sequence of the cg10062 gene. The amplification mixture was made up as described for the cloning of the wild type gene, but genomic DNA was replaced with pET(cg10062) DNA. The restriction sites NdeI and BamHI, introduced during the amplification reaction, were used to clone the purified PCR product into plasmid pET3b for overexpression of the P1A mutant. The R70A, R73A, and E114Q mutants were constructed using the QuikChange mutagenesis kit and the indicated set of primers following the manufacturer's instructions. For the R70A mutant, the forward primer was to that of the wild-type, indicating that the oligomeric association of the mutants was still intact.
Mass Spectral Analysis of the Cg10062
Mutants. The monomeric molecular masses of the four Cg10062 mutants were determined by electrospray ionization mass spectrometry (ESI-MS) using a LCQ Thermo octapole electrospray mass spectrometer.
Samples for ESI-MS were prepared as previously described (6) . The mass spectral analysis of these mutants further confirmed the presence of the intended amino acid substitutions and showed that the mutant proteins had undergone post-translational processing to remove the initiating methionine. The observed molecular masses (MH  + ) for the P1A-, R70A-, R73A-, and E114Q-mutants were 17,066 Da (calc. Previous work has shown that the highest cis-CaaD activity is observed at this pH (2,7).
The hydration of 2-oxo-3-pentynoate (6) by Cg10062 was monitored by following the formation of acetopyruvate (7) at 294 nm ( = 7,000 M -1 cm -1 ) in 20 mM Na 2 HPO 4 buffer (pH 9.0), as has been reported previously for cis-CaaD and CaaD (2, 6 ). An aliquot of Cg10062 was diluted into 20 mL of 20 mM Na 2 HPO 4 buffer, pH 9.0, yielding a final enzyme concentration of 2 µM (per monomer molecular mass). The diluted enzyme was incubated for 60 min at 22 °C. Subsequently, 1-mL aliquots were transferred to a cuvette, and the assay was initiated by the addition of a small quantity (1-10 µL) of 6 from a 420 mM stock solution. The stock solution was made up by dissolving the appropriate amount of 6 in 100 mM Na 2 HPO 4 buffer (pH 9.1). The pH of the solution was adjusted to ~6.4 using small amounts of an aqueous 1 M NaOH solution. The concentrations of 6 used in the assay ranged from 0.42-4.2 mM. Under these conditions, no inactivation of Cg10062 was observed.
In the colorimetric assay, the dehalogenation of trans-and cis-3-chloroacrylate (2 and Chloride concentrations were measured by a previously described assay (2, 4, 8) . For the cis-CaaD activity, an initial reading was recorded at 30 s and a final reading was recorded at 15 min. For the CaaD activity, an initial reading was recorded at 30 s and a final
reading was recorded at 2 h.
